Numerical Simulation of Drying Ceramic Using Finite Element and Machine Vision  by Khalili, K. et al.
 Procedia Technology  12 ( 2014 )  388 – 393 
2212-0173 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Petru Maior University of Tirgu Mures.
doi: 10.1016/j.protcy.2013.12.504 
7KHWK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*
1XPHULFDOVLPXODWLRQRIGU\LQJFHUDPLFXVLQJILQLWHHOHPHQWDQG
PDFKLQHYLVLRQ
..KDOLOLD0%DJKHULDQE6.KLVKHKE
D,VODPLF$]DG8QLYHUVLW\%LUMDQG%UDQFK%LUMDQG,UDQ
E8QLYHUVLW\RI%LUMDQG%LUMDQG,UDQ
$EVWUDFW
6KULQNDJH DQG FUDFNLQJ RFFXUV GXULQJ GU\LQJ RI JUHHQ SURGXFWV VXFK DV FOD\ EULFN DQG FHUDPLF WLOHV0RGHOLQJ DQG DFFXUDWH
VLPXODWLRQRIVKULQNDJHSKHQRPHQRQDQGWKHVWUHVVHVLQGXFHGDVDUHVXOWRIGU\LQJVKULQNDJHPD\EHXVHGWRSUHGLFWRFFXUUHQFH
RIGHIHFWVVXFKDVGHIRUPDWLRQDQGFUDFNLQJ7KHREMHFWLYHRIWKHFXUUHQWUHVHDUFKLVWRVWXG\WKHGU\LQJSURFHVVRIVRPHFHUDPLF
PDWHULDO ZLWK NQRZQ FKHPLFDO FRPSRVLWLRQ DQG WR DQDO\]H WKH SURFHVV XVLQJ )LQLWH (OHPHQW $QDO\VLV PHWKRG 'HIRUPDWLRQ
YDOXHVZHUH H[SHULPHQWDOO\PHDVXUHG XVLQJPDFKLQH YLVLRQ DQG LPDJH SURFHVVLQJ WHFKQLTXHV 6WUDLQ YHFWRUVZHUH GHWHUPLQHG
EDVHGRQZKLFKDFRPSDULVRQFRXOGEHSHUIRUPHGEHWZHHQDQDO\WLFDODQGH[SHULPHQWDOPRGHOV7KHGU\LQJPRGHOGHYHORSHGZDV
YHULILHGE\H[SHULPHQWV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI'HSDUWPHQWRI,QGXVWULDO(QJLQHHULQJDQG0DQDJHPHQW)DFXOW\RI
(QJLQHHULQJ³3HWUX0DLRU´8QLYHUVLW\RI7vUJX0XUH܈

.H\ZRUGVILQLWHHOHPHQWDQDO\VLVGU\LQJDQDO\VLVVKULQNDJHPRGHOOLQJ
,QWURGXFWLRQ
'U\LQJSURFHVV LV RQHRI WKHSURFHVVHVJHDUHGZLWKPDQXIDFWXULQJRI DYDULHW\RISURGXFWV UDQJLQJ IURP IRRG
PDWHULDOV WRFHUDPLFV7KHGU\LQJSURFHVV LV WKHPDMRU VRXUFHRIGHIHFWV LQPRVWFHUDPLFSURGXFWV7KHVHGHIHFWV
UDQJHIURPDHVWKHWLFDOGHIHFWVWRSK\VLFDOSURSHUWLHVLQILUHGSURGXFWVLQDUHDVVXFKDVVWUHQJWKRUHODVWLFPRGXOXV



&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVNKNKDOLOL#\DKRRFRP
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Petru Maior University of Tirgu Mures.
ScienceDirect
389 K. Khalili et al. /  Procedia Technology  12 ( 2014 )  388 – 393 
(YDSRUDWLRQ RI ZDWHU IURP WKH VXUIDFH RI WKH JUHHQ SURGXFW JLYHV ULVH WR UHVWUDLQHG VKULQNDJH ZKLFK LQ WXUQ
JHQHUDWHV WHQVLOH VWUHVVHV OHDGLQJ WR VKULQNDJH FUDFNV DV VWUHVVHV UHDFK WKH PDWHULDO VWUHQJWK &RQWUROOLQJ WKHVH
VWUHVVHV LV LPSRUWDQWVLQFH WKH\FDQ OHDG WRXQGHVLUHGGHIRUPDWLRQVDQGFUDFNVDIIHFWLQJ WKHSURGXFWTXDOLW\$OVR
SKHQRPHQDVXFKDVSDUWLFOHDOLJQPHQWODPLQDWLRQVDQGUHVLGXDOIRUPLQJVWUHVVPD\UHVXOWLQFUDFNLQJ

1RPHQFODWXUH
'HIIHFWLYHPDVVGLIIXVLYLW\݉ଶ ݏൗ KFRQYHFWLYHPDVVWUDQVIHUFRHIILFLHQW݉ ݏΤ 
0ORFDOPRLVWXUHFRQWHQWDWWLPHLQVWDQWGE݇݃ ݇݃ൗ WWLPHV
0LQLWLDOPRLVWXUHFRQWHQWGE݇݃ ݇݃ൗ 0HHTXLOLEULXPPRLVWXUHFRQWHQWGE݇݃ ݇݃ൗ 
[\]&DUWHVLDQFRRUGLQDWHVP7WHPSHUDWXUHF

6HYHUDO VWXGLHV KDYH EHHQ FRQGXFWHG RQ ILQLWH HOHPHQW PRGHOLQJ RI GU\LQJ RI FHUDPLFV 6XVDQJ &RVWD >@
SUHVHQWHG D FUDFN HYROXWLRQ RQ WKH EDVLV RI ODERUDWRU\ GHVLFFDWLRQ WHVWV XVLQJ WLPHODSVH SKRWRJUDSK\ DQG 3,9
DQDO\VLV + - 9RJHO >@ GHPRQVWUDWHV WKH YDULHW\ RI FUDFN SDWWHUQV WKURXJK D V\VWHPDWLF H[SORUDWLRQ RI WKH
SDUDPHWHUV+3HURQ>@VKRZHGWKHHIILFLHQF\RIGLVFUHWHHOHPHQWPRGHOLQJIRUWKHSUHGLFWLRQDQGXQGHUVWDQGLQJRI
GU\LQJVKULQNDJHDQGDVVRFLDWHGFUDFNLQJ3'+DOOHW>@DSSOLHGDQHZHODVWLF±SODVWLFIUDFWXUHPHFKDQLFVDSSURDFK
WRGHVFULEHFUDFNIRUPDWLRQLQSODVWLFVRLO/LDQJR%R+X>@HPSOR\HGOLQHDUK\JURHODVWLFLW\WRVWXG\GHVLFFDWLRQ
VKULQNDJHRQ VOLW VDPSOHV IRUERWK IUHHDQGFRQVWUDLQW VKULQNLQJ%LQ6KL >@ LQRUGHU WR LQYHVWLJDWH WKHHIIHFWVRI
WHPSHUDWXUH WKLFNQHVVRI VRLO OD\HUZHWWLQJ DQGGU\LQJ F\FOHV DQG VRLO W\SHV RQJHRPHWULFDO VWUXFWXUH RI VXUIDFH
VKULQNDJH FUDFNV LQ FOD\H\ VRLOV XVHG VSHFLDO VRIWZDUH &UDFN ,PDJH $QDO\VLV 6\VWHP &,$6 IRU DQDO\]LQJ
VKULQNDJH FUDFN SDWWHUQV () .DVVFKLHWHU >@ SUHVHQWHG WKH JRYHUQLQJ HTXDWLRQV RI PDVV WUDQVIHU DQG VWDWLF
HTXLOLEULXP < 7 .HXP >@ SHUIRUPHG WKH ILQLWHHOHPHQW VLPXODWLRQ IRU WKH GU\LQJ SURFHVV RI FHUDPLFV 7KH\
REVHUYHG WKDW KHDW DQG PRLVWXUH PRYHPHQWV LQ JUHHQ FHUDPLFV DUH JRYHUQHG E\ WHPSHUDWXUH JUDGLHQW PRLVWXUH
JUDGLHQW FRQGXFWLRQ FRQYHFWLRQ DQG HYDSRUDWLRQ  <7.HXP >@ IRXQG WKDWZKHQDJUHHQ FHUDPLF LV GULHG WKH
SDUWLFOHVIORFFXODWHLQWRDILVKQHWVWUXFWXUHLQWKHJHOSKDVH
7KHFXUUHQWUHVHDUFKDGGUHVVHVWKHGU\LQJFHUDPLFPDWHULDOV$FHUDPLFZLWKNQRZQFKHPLFDOFRPSRVLWLRQKDV
EHHQ VWXGLHG ,Q WKLV VWXG\ PRLVWXUH KDV EHHQ JHQHUDOL]HG WR WHPSHUDWXUH DQG PRLVWXUH GLIIXVLRQ FRHIILFLHQW
GHWHUPLQHG IURP H[SHULPHQWV %DVHG RQ WKH H[SHULPHQWDO UHVXOWV D QXPHULFDO IRUPXODWLRQ XVLQJ ILQLWH HOHPHQW
PHWKRG ZDV GHYHORSHG 7KH PRGHO ZDV DSSOLHG WR FOD\ EULFN GU\LQJ SURFHVV $QG VLQFH VKULQNDJH LV D XVXDO
FRQVHTXHQFHRIZDWHUUHPRYDO LWLVRILQWHUHVWWRORRNDWWKHVWUHVVLQYROYHGLQGU\LQJ)LQDOO\DYDOLGDWLRQRIWKH
VLPXODWLRQLVJLYHQE\PHDQVRIDFRPSDULVRQEHWZHHQWKHVLPXODWHGDQGH[SHULPHQWDOGDWD
7KH5DWHDQG6WDJHVRI'U\LQJ
7KHJHQHUDOL]HGUDWHRIGU\LQJRIDFHUDPLFSURGXFW LVVKRZQLQ)LJ,QDSORWRI WKHPRLVWXUHZHLJKW LQ WKH
FHUDPLFYHUVXVWLPHWKHUDWHRIGU\LQJLVWKHQWKHVORSHRIWKHOLQHGHILQHGE\WKHGU\LQJSURFHVV
  
D   E
)LJD&KDQJHLQPRLVWXUHGXULQJGU\LQJE'U\LQJUDWHGLDJUDP>@
390   K. Khalili et al. /  Procedia Technology  12 ( 2014 )  388 – 393 
,WLVLPSRUWDQWWRGLVWLQJXLVKWKHGU\LQJSURFHVVLQWRWZR6WDJHV,LVWKHFRQVWDQWUDWHSHULRGDQG6WDJH,,FRQWDLQV
ERWKWKHILUVWDQGWKHVHFRQGGHFOLQLQJUDWHSHULRGV7KHPRLVWXUHFRQWHQWDW3RLQW%LQ)LJVDQGLVFDOOHGWKH
FULWLFDO PRLVWXUH FRQWHQW 0F EHFDXVH VKULQNDJH WDNHV SODFH DV GU\LQJ FRQWLQXHV GRZQ WR 0F EXW VKULQNDJH LV
QHJOLJLEOHEHORZ0F:KHQFOD\FHUDPLFVUHDFK0FFDOOHGWKHOHDWKHUKDUGWKHSURGXFWFDQEHPRYHGZLWKRXWIHDU
RIGHIRUPDWLRQ
([SHULPHQWDOSURFHGXUH
7RSURYLGHH[SHULPHQWDOGDWDD VHULHVRIH[SHULPHQWVZHUHFDUULHGRXW5HFWDQJXODUZRRGHQPROGVZHUHXVHG
ZLWKWZRGLIIHUHQWVKDSHVRQHIRUDVROLGFRUHEORFNDQGWKHRWKHUIRUDKROORZEORFNFRUH7KHRXWHURIERWKW\SHV
RIVSHFLPHQVDUHîîFP([SHULPHQWVZHUHGRQHLQWKUHHGLIIHUHQWWHPSHUDWXUHVQDPHO\DQGF7KH
VSHFLPHQVZHUHSODFHGLQDGU\HUZLWKFRQWUROOHGWHPSHUDWXUH
6SHFLPHQVZHUHXVHGIRUWZRGLIIHUHQWH[SHULPHQWVWKHILUVWH[SHULPHQWZDVWRH[SHULPHQWDOO\REWDLQWKHGU\LQJ
UDWHRI WKHFOD\EHLQJVWXGLHGDQG WKH VHFRQGH[SHULPHQWZDV WRREWDLQ WKHGLVSODFHPHQWYHFWRUVDV WKH VSHFLPHQ
GULHV7RREWDLQ WKHGU\LQJUDWHGLDJUDPWKHVSHFLPHQZHUHGULHG LQDFRQWUROOHG WHPSHUDWXUH$VDVSHFLPHQZDV
GULHGLWZDVZHLJKWHGLQIL[HGLQWHUYDOVRIWLPHWKHUHVXOWRIZKLFKFDQEHXVHGWRGUDZWKHGU\LQJGLDJUDPDVVKRZQ
LQ)LJ
7RREWDLQWKHGLVSODFHPHQWYHFWRUVDVHFRQGVLPLODUVSHFLPHQZDVPDGHEXWFRORUSDUWLFOHVHYHQO\GLVWULEXWHG
RYHUWKHVXUIDFHRIWKHVSHFLPHQZHUHSODFHG7KHFRORUSDUWLFOHVSOD\WKHUROHRIILGXFLDOPDUNVWREHVHHQHDVLO\E\
WKH FDPHUD 3LFWXUHVZHUH WDNHQ GXULQJ GU\LQJ LQ IL[HG WLPH LQWHUYDOV7KH OLQH FRQQHFWLQJ WKH LQLWLDO SRVLWLRQRI
SDUWLFOHWRWKHFXUUHQWSRVLWLRQRIWKHSDUWLFOHVSHFLILHVWKHGLVSODFHPHQWYHFWRU)LJVKRZVWKHDFWXDOSLFWXUHRIWKH
SDUWDQG)LJVKRZVWKHGLVSODFHPHQWYHFWRUVREWDLQHGDVWKHVSHFLPHQGULHVIURPZHWWRIXOO\GULHGVSHFLPHQ
)LQLWHHOHPHQWPRGHOLQJRIFHUDPLFGU\LQJ
$PRQJWKHVHYHUDOQXPHULFDOPHWKRGVDYDLODEOHLQVLPXODWLRQVWXG\WZRPHWKRGVKDYHEHHQPDLQO\DSSOLHGWR
PRGHOKHDWDQGPDVVWUDQVIHUWKHILQLWHGLIIHUHQFHPHWKRGDQGWKHILQLWHHOHPHQWPHWKRG
,QWKLVVWXG\WKH*DOHUNLQ¶VPHWKRGZDVXVHGWRVROYHWKHSUREOHPDVIROORZV,QWKLVPHWKRGWKHZHLJKWIXQFWLRQ
VKDSHIXQFWLRQPXVWEHPXOWLSOLHGE\WKHUHPDLQGHUIXQFWLRQ7KHJHQHUDOIRUPRIWKHHTXDWLRQIROORZV
   E L   Q
D
1  [ 5 [ D  D   D G[ }  ³ 
7KH LQWHJUDO RQ WKH GRPDLQ FDQEH GLYLGHG LQWR0 LQWHJUDOV RQ WKH HOHPHQWZKRVH VXP DOVR HTXDOV WKH VDPH
LQWHJUDO
   0 HL L M
H 
1 [ 5 [ 7  7 G[ 
 
 ¦³ 
 
)LJ0DUNHGSDUW )LJ'LVSODFHPHQWYHFWRUV
391 K. Khalili et al. /  Procedia Technology  12 ( 2014 )  388 – 393 
1XPHULFDOVLPXODWLRQRIGU\LQJSURFHVVZDVFDUULHGRXWZLWKWKHDVVXPSWLRQWKDWWKHGLVWULEXWLRQRIPRLVWXUHDQG
WHPSHUDWXUH LQ GLIIHUHQW ]RQHV RI WKH SDUW LV XQLIRUP)LFN¶V ODZRI GLIIXVLRQ FDQEH XVHG WRPRGHO WKHPRLVWXUH
PRYHPHQWZLWKLQFHUDPLFGXULQJGU\LQJ7KHJHQHUDOIRUPRIWKLVODZFDQEHZULWWHQDV
  
   
0 0 0 0'
W [ \ ]
w w w w  w w w w 

,Q WKLVZRUNWKLVGLIIXVLRQHTXDWLRQLVDSSOLHGWRGHVFULEHWKHWZRGLPHQVLRQDOPRYHPHQWRIPRLVWXUH0LQD
FHUDPLFVOLFHLQWKH&DUWHVLDQFRRUGLQDWHVZLWKFRQVWDQWGLIIXVLYLW\'
$QGVRZHFDQZULWHKHDWWUDQVIHUHTXDWLRQDV

  
   
7 7 7 7
W [ \ ]D
w w w w  w w w w 

%\JHQHUDOL]DWLRQWKHPDVVWUDQVIHUSUREOHPFDQEHFRQYHUWHGWRDKHDWWUDQVIHUSUREOHP%\WKLVDSSURDFKDQG
XVLQJ WKH PRLVWXUH GLIIXVLRQ FRHIILFLHQW REWDLQHG H[SHULPHQWDOO\ WKH SUREOHP FDQ EH WDFNOHG 7R GHWHUPLQH WKH
PRLVWXUHGLIIXVLYLW\)LFN¶V ODZ LVDSSOLHG WRDFHUDPLFVODEZLWKD WKLFNQHVVRI/7KHDQDO\WLFDO VROXWLRQRI WKLV
HTXDWLRQFDQWKHQEHZULWWHQDV

H

V H
P P ʌ'W   ʌ H[SP P /
   
§ ·¨ ¸© ¹ 

8VLQJWKLVPRGHOWKHVLPXODWLRQZDVSHUIRUPHGDWWKUHHWHPSHUDWXUHVDQGWKHLUUHVXOWVZHUHFRPSDUHGZLWKWKH
H[SHULPHQWDOEHKDYLRXURIWKHGU\LQJ
7KHUHVXOWV
7KHH[SHULPHQWVZHUHFRQGXFWHGWRLQYHVWLJDWHWKHH[SHULPHQWDOEHKDYLRXURIWKHVDPSOHVLQRUGHUWRFDOFXODWH
SDUDPHWHUVVXFKDVPRLVWXUHGLIIXVLRQIDFWRUDQGKHOSWRFDUU\RXWWKHVLPXODWLRQZLWKDPSOHSUHFLVLRQ7KHVHDOVR
DOORZD FRPSDULVRQEHWZHHQ WKH VLPXODWLRQ UHVXOWV GU\LQJEHKDYLRXU VWUHVV FRQFHQWUDWLRQ ORFDWLRQGLVSODFHPHQW
FRQWRXUV HWF DQG VLPLODU UHVXOWV LQ H[SHULPHQWDO EHKDYLRXU RI PRGHO DQG WR GLVFXVV WKH HUURU YDOXHV PRGHO
PLVPDWFKRUHYHQWKHVRXUFHRIHUURULQGLIIHUHQWWLPHLQWHUYDOV
$IWHUFRPSOHWLRQRI WKHILUVWH[SHULPHQWVGU\LQJEHKDYLRXU LQYHVWLJDWLRQ WKHGDWDUHFRUGHGDW WKLVVWDJHZHUH
DQDO\VHG7KH FHUDPLF GU\LQJ SURFHVV VLPXODWLRQZDV FDUULHG RXW XVLQJ ILQLWH HOHPHQW DQDO\VLV DVVXPLQJ RI
UHODWLYHPRLVWXUH IRU WKH HQYLURQPHQW DQG RI DEVROXWHPRLVWXUH GU\ EDVHG IRU  & DQG RI DEVROXWH
PRLVWXUHGU\EDVHGIRU&7KHGLDJUDPVUHJDUGLQJWKHPRLVWXUHFKDQJHGXULQJWKHGU\LQJLQWHUYDODW&IRU
GLIIHUHQWQRGHVRI WKHSDUW LV LOOXVWUDWHG LQ)LJ%\FRPSDULQJ WKHH[SHULPHQWDOGU\LQJGLDJUDPZLWK VLPXODWHG
UHVXOWVDVGHSLFWHGLQ)LJLWFDQEHIRXQGWKDWWKHH[SHULPHQWDODQGVLPXODWLRQGLDJUDPVDUHSUHFLVHO\WKHVDPHLQ
VRPHWLPHLQWHUYDOV$WWKHILUVWVWDJHRIGU\LQJVLPXODWLRQUHVXOWVVKRZKLJKHUUDWHRIPRLVWXUHUHGXFWLRQWKDQWKH
H[SHULPHQWDO UDWH7KDW LV LI WKHFXUYHREWDLQHGIURPPRGHOLQJZLWKLQDQ LQWHUYDORI WRPLQXWHV LVVKLIWHG
XSZDUGE\DERXW WKHWZRFXUYHVEHFRPHDOPRVW LGHQWLFDO7KHFULWLFDOPRLVWXUHSHUFHQWDJHYDOXHSRLQW0F
FDQDOVREHVSHFLILHGDWWKHHQGRIWKHILUVWVWDJH

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
)LJ0RLVWXUH&KDQJHIRUGLIIHUHQWQRGHVDWF

'XULQJWKHGU\LQJIURPPLGWRHQGLQWHUYDOVWKHGU\LQJEHKDYLRXURIERWKH[SHULPHQWDODQGVLPXODWLRQPRGHOV
DUH H[DFWO\ LGHQWLFDO ,W FDQ EH VDLG WKDW WKH PRLVWXUH FRQWHQW SHUFHQWDJH DQG LWV GHFUHDVH UDWH LOOXVWUDWHG LQ
H[SHULPHQWDOGLDJUDPPRLVWXUHSHUFHQWDJHLVDFWXDOO\WKHPHDQPRLVWXUHFRQWHQWUHGXFWLRQRIWKHZKROHSDUW7KDW
LVPRLVWXUHSHUFHQWDJHLQWLPHLQWHUYDOVLQGLIIHUHQW]RQHVRIWKHSDUWLVYDULDEOHPRLVWXUHKLJKLQWKHFHQWUHDQGORZ
RQ WKH VXUIDFH7KHGLDJUDPSORWWHG WKURXJK WKH VLPXODWHGGDWDZDVREWDLQHGE\DYHUDJLQJ WKHYDOXHVRI VHYHUDO
SRLQWVWDNHQIURPYDULRXV]RQHVRIWKHSDUW7KLVFDQEHDWWULEXWHGWRVRPHPLVPDWFKEHWZHHQWKHWZRUHVXOWV
6WUHVV$QDO\VLV
7KHGLIIHUHQFHERWK LQ WKHPDJQLWXGHDQG LQ WKH UDWHRI VKULQNDJHDWGLIIHUHQWSRUWLRQRI WKHSDUWFDXVHGU\LQJ
VWUHVVHV7KLVLVTXLWHFOHDULQ)LJLQZKLFKWKHGLVSODFHPHQWLQFRUQHUVLVPRUHWKDQFHQWUHDQGHOVHZKHUH7KH
SUHVHQFHRIGLVSODFHPHQWJUDGLHQWVZLOOOHDGWRWKHFUHDWLRQRIODUJHWHQVLOHVWUHVVHVRQHGJHV,QRWKHUZRUGVVWUHVV
IROORZDQLQFUHDVLQJWUHQGDORQJPRLVWXUHUHGXFWLRQDQGZLOOUHDFKWKHPD[LPXPDWVRPHWLPHGXULQJGU\LQJWLPH
ZKHQ WKH PRLVWXUH JUDGLHQW LV PD[LPXP ,W WKHQ WDNHV D GHFOLQLQJ WUHQG DORQJ ZLWK WKH QRQXQLIRUP PRLVWXUH
GLVWULEXWLRQDQGHYHQWXDOO\UHDFKHVLWVVWHDG\VWDWHDWILQDOWLPHLQWHUYDOV)LJXUHVKRZVWKHVWUHVVGLVWULEXWLRQDWD
JLYHQWLPH&RQWUROOLQJWKHVHVWUHVVHVLVRIKLJKLPSRUWDQFHVLQFHLIWKHLUDPRXQWLVEH\RQGWKHSDUW
V\LHOGVWUHVVLW
ZLOOOHDGWRFUDFNVDQGIDLOXUHRUWRXQGHVLUDEOHGHIRUPDWLRQVLQIOXHQFLQJWKHSDUW
VTXDOLW\,WLVOLNHO\WKDWWKHFUDFN
DSSHDUDQFH WLPH LVZKHQ WKHVWUHVVHVUHDFK WKHLUPD[LPXPYDOXH7KH WLPHFRUUHVSRQGLQJ WR WKHPD[LPXPVWUHVV
REWDLQHG WKURXJK VLPXODWLRQ LV FRPSDUHG WR WKH WLPH WKHSDUW VKRZVYLVLEOH FUDFNVGLIIHUE\PLQXWHV IRU WKH
WKUHHFDWHJRULHVRIH[SHULPHQWVEHLQJFDUULHGRXW
 
)LJ&RPSDULVRQRIH[SHULPHQWDOZLWKVLPXODWLRQUHVXOWV)LJ0D[LPXP6WUHVVHVIRUWZRGIIHWHPWWHPSHUDWXUHV
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 
)LJ6WUHVVFRQWRXUVDWHQGWLPH )LJ9LVLEOHFUDFNVVWDUWHGDWPD[LPXPVWUHVV
'HIRUPDWLRQV&RPSDULVRQ
)URP ILJXUHV  LW LV REYLRXV WKDW WKH GLVSODFHPHQW LQ WKH FRUQHUV LV PRUH WKDQ HOVHZKHUH DQG WKLV LV QDWXUDO
EHFDXVHWKHFRUQHUSRLQWVDUHVXEMHFWHGWRHYDSRUDWLRQIURPERWKVLGHVDQGORVHWKHLUPRLVWXUHVRRQHU&RPSDULQJ
WKH H[SHULPHQWDO GLVSODFHPHQW LQ FRUQHUVZLWK VLPXODWHG RQH VKRZ VRPH GLIIHUHQFHV7KH GLVSODFHPHQW REWDLQHG
WKURXJKVLPXODWLRQLVEDVHGRQGLPHQVLRQDOVKULQNDJHZKLOHLQSUDFWLFDOH[SHULPHQWVWKHPHDVXUHPHQWZHUHWDNHQ
RYHU[DQG\GLUHFWLRQVRQO\,WVKRXOGEHPHQWLRQHGWKDWGXHWRORZWKLFNQHVVWKHGLVSODFHPHQWLQ]GLUHFWLRQLVQRW
ODUJHDQGGRHVQRWKDYHDQ\VLJQLILFDQWLQIOXHQFHRQWKHWRWDOGLVSODFHPHQW7KXVVRPHHUURUVRFFXUKRZHYHULWLV
QRWJUHDW$FFRUGLQJ WR WKHH[SHULPHQWDO DQG VLPXODWLRQ UHVXOWV LW FDQEH IRXQG WKDW WKHPD[LPXPGLVSODFHPHQWV
RFFXU LQ WKH FRUQHUV RI FHUDPLF SDUW DQG WKH YDOXH GHFOLQHV IURP WKH SDUW
V FRUQHUV WRZDUGV WKH FHQWHUZKHUH LW
EHFRPHV]HUR
&RQFOXVLRQV
7KHSURFHVVRIGU\LQJRIDFKHPLFDOO\NQRZQFHUDPLFZDVDGGUHVVHG6RPHDVSHFWVRIWKHSURFHVVLQFOXGLQJWKH
GU\LQJ UDWH VKULQNDJH DQG VWUHVVZHUH VWXGLHGERWKQXPHULFDOO\DQGH[SHULPHQWDOO\7KH VLPXODWHG UHVXOWV DUH LQ
JRRG DJUHHPHQW ZLWK H[SHULPHQWV KHQFH WKH PRGHO PD\ EH XVHG IRU IXUWKHU LQYHVWLJDWLRQ DQG KRZHYHU RWKHU
IDFWRUV LQFOXGLQJ WKH FKDQJH RI PHFKDQLFDO SURSHUWLHV RI PDWHULDO GXULQJ GU\LQJ VKRXOG EH FRQVLGHUHG WR EHWWHU
PRGHOLQJRIWKHSURFHVV

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